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(Received for publication, May 22, 1933) Many studies have been published in regard to the antibodies developed in animals following injections of bacterial suspensions, but these have seldom directly concerned the question of the induced resistance against infection. This, to some extent, is due to the difficulties in evaluating the various phenomena associated with experimental infections.
In an earlier paper (1), dealing with the dermal pneumococcus infection in rabbits, certain experiments were reported in which this method of infective inoculation was employed in an effort to determine the active resistance or immunity of these animals against Type I pneumococcus infection after specific conditioning by various means. A system of grading the relative degrees of active resistance against pneumococcus infection has been formulated on the basis of the large number of test infections which have subsequently been carried out (2) . From the data presented it was concluded that the commonly accepted criteria for the evaluation of specific active resistance, i.e. survival and death, are misleading, for they merely divide the gradient of response to test infection into two phases, in either of which considerable differences may be observed.
The present paper deals with the degree and duration of the active resistance to infection observed in rabbits following the intravenous injection of heat-killed pneumococci. The presence of type-specific agglutinins and protective antibodies in the sera of these rabbits is compared with the degree of active resistance shown by the same animals.
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EXPERIMENTAL
The general plan of this project was as follows: A large number of rabbits were given simultaneously a short course of intravenous inSections of heat-killed Type I, Type II, and Type III pneumococci in equal proportions. At regular intervals for a year, animals, not previously tested, were infected with each of the three types of pneumococci to determine the degree of active resistance. Just before infection, the animals were bled and the titers of agglutinins and of type-specific protective substances in the serum were determined.
Cultures.--The cultures used for both immunization and infection were as follows:
Pneumococcus Type I (Neufeld strain); virulence such that 0.000,000,01 cc. produces fatal infection in rabbits following intradermal inoculation.
Pneumococcus "Ibrpe n (Strain D39); the virulence for rabbits fluctuates somewhat, but 0.000,01 cc., given intradermally, causes death in a majority of the animals.
Pneumococcus Type In (Strain PH); regularly produces fatal infection in rabbits in amounts as small as 0.000,1 cc., given intradermaUy. Regular transfers are made in rabbit blood broth. Frequent rabbit passages are used to maintain the virulence of the organisms.
Preparation of Bacterial Suspensions for Immunisation.--Heat-killed pneumo-
cocci of each of these strains were suspended in physiological saline in a concentration such that 1 cc. of the suspension represented the bacterial ceils contained in 10 cc. of the original broth culture. Equal volumes of suspensions of the three types of pneumococci were then pooled so that the final preparation contained approximately the same number of organisms of each type.
Method of Immunization.--Rabbits were given three intravenous injections at 4 day intervals, each injection consisting of 3 cc. of the pooled bacterial suspension.
Selection of Animals for Testing.--At each test period following immunization
a group of from six to nine rabbits, not previously examined, was selected at random. Two to three animals of the selected group were then tested against each of the three types of Pneumococcus, to determine the presence of circulating typespecific antibodies and the degree of active resistance to infection. Normal control rabbits were also infected at each test period with each type of Pneumococcus. In determining the duration of induced active resistance it is obviously possible to test each animal only once, since each test infection, provided the animal survives, may serve to alter the degree of resistance due to the original specific immunization.
Determination of Agglutlnins.--The presence of aggiutinins was determined by a modified thread reaction (3). To 1 cc. of a dilution of rabbit serum was added 0.2 cc. of an actively growing broth culture of Pneumococcus of the type in question.
The tubes were then incubated for 2 hours in the water bath at 37°C., placed in the ice box overnight, and the reactions read the next morning. Agglutlnlns were recorded as present in the serum only when the reactions were positive in a serum dilution of at least 1-10.
Determination of Protective Antibodies.--The presence of protective antibodies in the blood of the immunized rabbits was demonstrated in the usual manner by determining the largest amount of culture against which 0.2 cc. of serum would protect white mice, the immune serum and culture being injected intraperitoneally at the same time. The virulence of these strains of pneumococci for mice was such that 0.000,000,1 cc. of a broth culture, given intraperitoneally invariably induced a fatal infection. The protective titer is recorded as negative if 0.2 cc. of the serum failed to protect against 0.000,001 cc. of culture.
Method of Determining Active
Resistance.--Each rabbit to be tested against a particular type of Pneumococcus was given an intradermal inoculation of 0.2 cc. of an 18 hour blood broth culture of that type. The general details of this method have been previously described. Daily determinations were made of the body temperature. The appearance of the dermal lesion was carefully followed with regard to the area involved, the amount of edema, and the character of the inflammatory color, purpura, etc. These observations were frequently supplemented by quantitative blood cultures to determine the degree of blood invasion.
Method of Evaluating the Active Resistance.--The method of evaluating the results
of the test infections in terms of degrees of active resistance has been described in detail in the previous paper (2) . The various grades have been arbitrarily established on the basis of hundreds of test infections and certain general rules permit an effective classification of any similar test infection.
For the purposes of this presentation, each animal will be regarded as immunized only against that type of Pneumococcus with which it is subsequently tested. The possible effect of a crossing or overlapping resistance will be considered later.
Induced Active Resistance against Type I Pneumococcus Infection
Although it is well recognized that Type I Pneumococcus possesses a relatively greater antigenic capacity than do the other types of pneumococci, it is also true that it is the more highly virulent when injected intradermally in rabbits. These two qualities might be expected to be somewhat mutually compensatory as far as the determinations of resistance in immunized animals are concerned. The use of this type of Pneumococcus offers an excellent experimental condition since even such a moderate immunizing procedure as that employed might be expected to give rise to the formation of antibodies and thus to afford an opportunity to determine any correlation existing between the presence of these substances in the blood and the degree of active resistance to test infection. 
RESISTANCE TO PNEUMOCOCCUS INFECTION
The agglutinin titer is expressed in the highest dilution in which agglutination occurred with the type of pneumococcus homologous to that used in the test infection. A minus sign indicates that no agglutinins were demonstrable.
The protective titer is expressed in the largest amount of culture against which 0.2 cc. of the serum protected mice from infection with the type of Pneumococcus homologous to that used in the test infection. 
The data regarding the resistance of these artificially immunized animals against Type I pneumococcus infection at various periods during the year following the immunization process are summarized in Table I , together with data on the antibodies demonstrable in the sera of these rabbits at the time of infection.
For the purpose of graphic presentation the mean values of each of the three determinations are plotted in Text- fig. 1 . It is obvious that too few cases are involved to give any considerable significance to these average figures but they do serve to indicate the general trends.
Agglutinins.--From the results shown in Table I , it will be noted that agglutinins were found in the sera of these rabbits up to and including the first month in a titer of 1-10 or better, but after that time they were demonstrable in only a single instance. This finding is entirely consistent with the results previously reported by one of us (5) .
Protective Substances.--From the data concerning the titer of the protective antibodies it will be noted that there is a considerable individual variation. The passive protection was high in all cases during the 1st month. Thereafter the protective substances were uniformly present but in widely varying degree. If one calculates the average protective titer at each test period there is a slight but definite tendency to decrease during the 12 month period. In general, these findings are consistent with the results in previously reported experiments in which it was shown that a detectable titer of protective antibodies may persist for several years in the serum of rabbits immunized with Type I pneumococci (5). rather effective degree of resistance. During the next 4 months the results were irregular but the general level was much lower. Beginning at the 7th month the level of resistance again dropped and then remained low although a few individual animals still showed a moderate resistance. In spite of a considerable individual variation it is vived. This in turn gave way to a phase of very low resistance in which fully half of the animals died following infection and in which the average rating of resistance corresponded to Grade 2. It is presumed that this phase would eventually reach a final stage in which all animals would be completely lacking in ability to combat infection.
Active Resistance.--High
Although a comparison of the means of the various determinations is suggestive of certain possible correlations between active resistance and antibody titers, a consideration of the data on some individual animals leads to a very confusing picture. From a determination of the passively transferable immunity, it is difficult to predict how an individual animal will react to infective inoculation.
Induced Active Resistance Against Type [I Pncumococcus Infection
The results of test infections with Type II pneumococci are summarized in Table II Only one rabbit in the series showed agglutinins against the Type II Pneumococcus. The protective titers of the sera of the individual rabbits were so varied that averages are without significance. No trend is apparent.
The active resistance at the first test period was somewhat lower than that with Type I but remained relatively unchanged for 9 months. The average rating for this entire period was around Grade 5, and there was much less individual variation than in the Type I pneumococcus infections. After 9 months the mean resistance dropped sharply and it is presumed that the protective mechanism which had previously been effective in maintaining the resistance was no longer sufficient to prevent serious infection. A comparison of the data on the individual cases reveals little correlation between protective titer of the serum and the grade of active resistance to infection.
It is difficult to understand why these animals maintained such high degrees of active resistance against Type II pneumococcus infection for this relatively long period of time. The results are somewhat paradoxical in view of the commonly accepted fact that Type II Pneumococcus is less antigenic than Type I. On the other hand, the virulence of Type II Pneumococcus is somewhat lower than that of Type I. Certainly it would seem that Type II Pneumococcus is not as invasive as Type I in the face of similar protective mechanisms.
Induced Active Resistance against Type III Pneumococcus Infection
The data on the rabbits which were given Type III pneumococcus test infections are presented in Table III and shown graphically in Text- fig. 3 . A fair degree of active resistance against infection with this type of Pneumococcus was shown during the 1st month. This fell off rather sharply and remained thereafter at a low level except for one irregularity at the 8th month at which time for some Unknown reason two of the animals showed considerable ~ resistance. These individual factors can never be entirely eliminated. This irregular finding is indicated by a point on the chart but is not connected with the remainder of the curve since it is obviously at great variance with the other findings.
Anti-R Titer and Resistance to Infection
In about fifty of these animals determinations were made of the anti-R titer of the sera. No correlation was found between these titers and the grade of active resistance or with other determined factors.
Correlation of A ctive Resistance and Antibody Titers
The lack of parallelism between the specific agglutinin titer and the mouse-protective titer in the same rabbit sera is not reckoned as a significant matter and may be largely accounted for by the fact that the mouse-protective test is much more sensitive than the agglutinin titration. It will be noted from the foregoing data that, in each instance in which agglutinins were demonstrated, the active resistance to infection was relatively high. The converse was not true.
Although there is some correlation between protective titer and the degrees of active resistance when the averages for any time period are considered, the suggestion of parallelism is less apparent when the data on the individual animals are studied. The results of the protection titrations in mice have been plotted against the grades of active resistance for each animal in the Type I and Type II series and are shown in Text- fig. 4 . The results with the Type III infections have not been included since no protective antibodies were obtained with this immunization procedure.
It will be noted that on this chart the solid circles which represent the animals infected with Type I pneumococci occupy in general one section while the open circles which represent the animals infected with Type II pneumococci are oppositely placed. It would appear that the resistance to infection with one type of Pneumococcus is quite different from that exhibited against another type even though the sera of the rabbits may show equivalent potencies in the passive protection of mice. Thus, with high protective titers, animals show a wide range of degrees of resistance to Type I pneumococcus infection, whereas with widely varying protective titers, animals show relatively high resistance to Type II pneumococus infection. It is suggested that this may be accounted for in part by the differences in virulence between the two types, for it might be expected that the Type II Pneumococcus, possessing the lower virulence for normal rabbits, might also be less invasive in the face of similar protective mechanisms.
It may be pointed out that, in the individual instance, a high protective titer is not necessarily correlated with a high degree of active l~otective titev of t, abbit ~e~a in mice resistance, and vice versa. On the other hand, and especially with the Type I pneumococcus infections, there is a general correlation, since if one considers either the medians or the modes at the various levels of protective titers, it is apparent that the higher grades of active resistance may be roughly correlated with the higher levels of pro-tective substances in the sera of the rabbits. The many exceptions to this parallelism tend to confuse the issue to such an extent that general conclusions cannot be drawn. It is possible that if all other factors entering into the phenomena of active resistance could be kept constant there would be an absolute parallelism between specific antibody titer and active resistance. Evidence is accumulating to the effect that there are many conditions which may serve to considerably modify active resistance due to specific immune factors, and that the manifestations of specific active resistance are largely conditioned by the adequacy of the non-specific factors and their capacity to function. The result of a test for active resistance is essentially the algebraic sum of all specific and constitutional factors. Another element which tends to confuse any theoretical parallelism is that the mouse-protective titration for passively transferable specific antibodies involves a second complex biological structure in which these same constitutional factors may be as varied as in the rabbit from which the serum was derived.
DISCUSSION
Since Type I, Type If, and Type III pneumococci differ in virulence for rabbits and in their antigenic capacity, it might be expected that certain differences might be encountered in the degree and duration of specific resistance brought about by immunization procedures. This has been shown to be the case. The height of the resistance immediately following immunization appears to be comparable to the relative antigenic capacity of the type of Pneumococcus. On the other hand, the duration of high resistance was short in the case of Types I and III but much longer in the case of Type II.
Although the animals were immunized with a suspension of pneumococci of three types, it is apparent that the results are characteristically different for each type used for infection.
These experiments emphasize the fact that survival and death serve as a poor index of the resistance against specific infection by the individual animal following immunization procedures, except in indicating a dividing line in the gradient of resistance.
At first examination the data presented might throw some weight against the prevalent conception of the r61e played by certain de-terminable antibodies in protection against infection. It must be borne in mind, however, that there are many limitations in determining outside of the animal body all of the factors which may take part in the increased resistance. There is at present no method of determining in vitro the sessile antibodies or other cellular factors which may play a significant r61e. An equally important fact is that the evaluation of circulating antibodies at the time of infective inoculation gives no index of the latent but conditioned potentiality of the animal body to produce quickly or to renew specific resistance factors after the stimulus of infection.
These facts may have some significance in the matter of active antipneumococcic immunization in man. It may be pointed out that the number of immunizing injections and the amount of bacterial material which was used correspond rather closely to the conditions employed in certain previous attempts at human immunization. While such an immunization procedure in rabbits does enhance greatly the possibility of the rabbit surviving any specific infection it does not prevent, after the 1st month, a considerable involvement which is generally accompanied by some form of systemic reaction. The increase of resistance induced in man by such a procedure might conceivably be greater since the natural resistance already present in man might be considerably greater than that in the rabbit.
SUMMARY
The degree and duration of the active resistance against pneumococcus infection have been determined in rabbits which received intravenous injections of a heat-killed suspension of pneumococci of the three principal types. The resistance induced by the immunization procedure varied in degree and in duration with each type of Pneumo-COCCUS.
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